Background: Early detection of compensated pediatric septic shock requires diagnostic tests that are sensitive and specific. Four physical exam signs are recommended for detecting pediatric septic shock prior to hypotension (cold extremities, mental status, capillary refill, peripheral pulse quality); this study tested their ability to detect patients who develop organ dysfunction among a cohort of undifferentiated pediatric systemic inflammatory response syndrome patients. Methods: A prospective cohort of 239 pediatric emergency department patients <19 years with fever and tachycardia and undergoing phlebotomy were enrolled. Physicians recorded initial physical exams on a standardized form. Abstraction of the medical record determined outcomes including organ dysfunction, intensive care unit stay, serious bacterial infection, and therapies. Results: Organ dysfunction occurred in 13/239 (5.4%) patients. Presence of at least one sign was significantly associated with organ dysfunction (Relative Risk: 2.71, 95% CI: 1.05-6.99), and presence of at least two signs had a Relative Risk = 4.98 (95% CI: 1.82-13.58). The sensitivity of exam findings ranged from 8-54%, specificity from 84-98%. Signs were associated with increased risk of intensive care and fluid bolus, but not with serious bacterial infection, intravenous antibiotics or admission. Altered mental status and peripheral pulse quality were significantly associated with organ dysfunction, while abnormal capillary refill time and presence of cold, mottled extremities were not. Conclusions: Certain recommended physical exam signs were associated with increased risk of organ dysfunction, a rare outcome in this undifferentiated pediatric population with fever and tachycardia. Sensitivity was low, while specificity was high. Additional research into optimally sensitive and specific diagnostic strategies is needed.
Background
Severe sepsis affects >72,000 children yearly in the US, with mortality estimates from 10-20% [1, 2] . Adherence to time-sensitive pediatric sepsis treatment guidelines reduces mortality; [3] however, delayed recognition often leads to deviation from these guidelines [4] . Contributing to the challenge of recognition of pediatric sepsis are the large numbers of febrile children with self-limited illness who present to emergency departments for treatment [5] .
Therefore, identifying optimal strategies for early identification of pediatric sepsis, particularly of patients in a state of compensated shock, is paramount.
American College of Critical Care Medicine (ACCM) guidelines recommend specific physical examination findings for identification of pediatric septic shock requiring resuscitation; this approach has been adopted into pediatric emergency department (ED) triage strategies [6] [7] [8] . In addition, the pediatric guidelines recommend against the use of laboratory tests to identify septic shock. However, these specific physical examination findings have not been prospectively evaluated for their effectiveness in diagnosing septic shock in patients outside of the intensive care setting.
Current ACCM guidelines for early recognition of septic shock recommend assessment of mental status, capillary refill, peripheral pulse quality, cold/mottled extremities, urine output, and hypotension [6] . At initial presentation, urine output is difficult to quantify, and hypotension defines decompensated shock; therefore four of the recommended physical examination signs remain useful for detection of compensated sepsis in the ED. We tested the effectiveness of these four parameters, or Clinical Recognition Signs (CRS), in predicting severe illness in pediatric ED patients with potential early sepsis.
Methods
This was a planned subanalysis of a prospective cohort study testing lactate levels for diagnosis of sepsis, and was conducted in the ED of a free-standing children's hospital. Inclusion criteria were: age <19 years; triage heart rate and temperature consistent with systemic inflammatory response syndrome (SIRS) definitions [9] [Additional file 1]; phlebotomy performed in ED; and enrollment preceding or ≤15 minutes after intravenous fluid initiation. Patients transferred from another institution, or with an inborn error of metabolism were excluded. This hospital did not have a sepsis screening or treatment protocol in place at the time of the study. The Children's Hospital of Philadelphia Institutional Review Board approved this study, with a full waiver of informed consent due to demonstrated barriers in obtaining timely and informed consent from critically ill patients and families prior to receipt of treatments.
Pediatric emergency medicine (PEM) fellows and attendings recorded CRS at the time of their first examination using multiple choice categorical responses that corresponded to the severity of each finding on a data collection form [Additional file 2]. In order to capture realworld effectiveness, physicians were not explicitly trained in physical examination for CRS. All study physicians were board-certified in pediatrics and/or pediatric emergency medicine and >90% of their active clinical practice was in pediatric emergency medicine. When possible, a second PEM physician examined the subject, and independently completed a data collection form to determine inter-rater reliability. Details of the ED visit and subsequent hospitalization, obtained from the medical record, were recorded after discharge on a data collection form.
All discharged patients underwent review of subsequent visits in the inpatient and outpatient electronic medical record within 90 days of the index visit. Evidence of severe sepsis that developed within 3 days of ED presentation, or new problems that developed after the primary visit potentially attributable to a shock episode treated elsewhere, were recorded. For patients without follow up visits in the hospital system, the Social Security Death Index was reviewed and deaths recorded.
The main predictor variables were abnormal CRS. Each CRS was analyzed as a binary variable (normal/abnormal) and categorical, and presence of ≥1 and ≥2 signs was analyzed. Clinically relevant and frequently referenced combinations of CRS were evaluated. A patient was classified as having cold shock when weak peripheral pulses and prolonged capillary refill were present, warm shock when bounding pulses and flash capillary refill were present, and World Health Organization-Emergency Triage and Treatment (WHO-ETAT) shock when cold extremities, capillary refill >3 seconds and weak peripheral pulses were present. The primary outcome measure was presence of organ dysfunction (OD) within 24 hours of ED triage, as defined by International Pediatric Sepsis Consensus Conference definitions [Additional file 3] [9] . Secondary outcomes included ED disposition, intravenous antibiotic administration in the ED, intravenous fluid bolus administration in the ED, and serious bacterial infection (SBI). SBI was defined as a pathogen-positive culture from blood, urine, or cerebrospinal fluid, or definite infiltrate by pediatric attending radiologist interpretation of chest radiograph.
Sample size was calculated for the parent study of serum lactate levels in pediatric SIRS, and enrollment carried out over 13 months to satisfy that sample size [10] . Study data were summarized using standard descriptive statistics. The magnitude of associations between categorical variables and outcomes were described using relative risks. Logistic regression analysis was performed with CRS found to be significant in univariate analysis; receipt of intravenous antibiotics and receipt of 40 ml/kg of isotonic fluid were covariables. Test characteristics (sensitivity, specificity, likelihood ratios) were calculated. Relative risks and likelihood ratios whose 95% confidence intervals did not include one were considered statistically significant. The incidence and test characteristics of cold shock, warm shock and WHO-ETAT shock were evaluated. The kappa statistic or percent concordance when appropriate, were calculated as measures of inter-rater reliability.
Results 239 eligible patients were enrolled and their characteristics are shown in Table 1 . Over two-thirds of subjects (67.8%) had no CRS; 64 (26.7%) subjects had one CRS; ten (4.2%) subjects had two CRS, and three (1.3%) subjects had three CRS. No patient displayed all four abnormal CRS. Organ dysfunction within 24 hours developed in 5.4% subjects. 76.6% of patients were hospitalized; 8.0% were admitted to the intensive care unit (ICU), and no patients died.
The presence of ≥1 CRS was significantly associated with OD within 24 hours (RR: 2.71, 95% CI 1.05-6.99), and presence of ≥2 CRS carried greater risk of OD (RR: 4.98, 95% CI: 1.82-13.58). In analysis of each sign as normal/abnormal, altered mental status and altered peripheral pulse quality were significantly associated with risk of OD, while abnormal capillary refill time and cold, mottled extremities were not [ Table 2 ]. The negative predictive value of exam findings ranged from 94-97%, and positive predictive value ranged from 3-25% [ Table 2 ]. When altered mental status and altered peripheral pulses were analyzed with logistic regression with intravenous antibiotics and receipt of at least 40 ml/kg of isotonic fluid as covariables, only altered mental status remained significantly associated with organ dysfunction, with an odds ratio of 3.84 (1.083-13.62).
The presence of ≥1 or ≥2 CRS was associated with an increased likelihood of ICU admission. The presence of ≥2 CRS was associated with an increased likelihood of receiving a fluid bolus [ Table 3 ]. CRS were not associated with intravenous antibiotic administration, SBI, or admission. Mean time from triage to antibiotic in the overall study population was 3.40 ± 1.49 hours; time in patients with ≥1 CRS was 3.34 ± 0.44 hours, and in patients with ≥2 CRS it was 3.05 ± 0.69 hours.
Within each of the four CRS, each abnormal finding was independently evaluated for association with the outcome of organ dysfunction. The abnormal mental status category of "agitation" (RR: 5.75, 95% CI: 2.07-16.0) and the pulse abnormality category of "weak/thready" (RR: 9.63, 95% CI: 2.17-42.77) were the only specific findings significantly associated with organ dysfunction. Few patients displayed the combination of findings specific to cold shock (0), warm shock (1), or WHO shock (0) that had been planned for analysis. The patient displaying characteristics of warm shock did not develop organ dysfunction.
PEM attendings completed 79.9% of assessments; PEM fellows completed 12.1%, and general pediatricians completed 8.0%. Exams were completed before institution of intravenous therapies for nearly all subjects (95.8%). Of the 10 (4.2%) exams for which the exams were performed after therapy had been initiated, all exams were performed within 15 minutes of the start of intravenous therapy as specified in the inclusion criteria. Subjects had received a mean of 9 ml/kg of fluid prior to examination for CRS. Two patients were examined within 15 minutes after the start of an antibiotic infusion; no patients were examined after vasoactive agents. None of the patients who were enrolled after the start of intravenous therapy had either the predictor, CRS, or the outcomes of organ dysfunction or serious bacterial infection. Kappa as a measure of interrater reliability could not be calculated in several categories where only normal findings were present, therefore percent concordance rather than the kappa statistic is presented in Table 2 .
Review of the medical records of the 56 patients discharged primarily from the ED revealed that 21 (37.5%) subjects had made additional visits in the healthcare system, although none were within 72 hours for progression of illness. The additional visits demonstrated that no patients were hospitalized for progression of primary process at the index visit, and no records of additional new medical problems attributable to sepsis or death. Search of the Social Security Death Index for the 35 subjects without further visits in our system yielded no reported deaths.
Discussion
Previous studies have not evaluated all four CRS at the time of presentation to care as predictors in children with SIRS, though these findings are consistent with prior studies of individual predictors. In mixed-severity populations of children, capillary refill time has been demonstrated to have limited value as a predictor of illness severity in infectious illness [11, 12] . However, a large study of patients referred for specialty transport to children's hospitals found that abnormal capillary refill times were associated with increased mortality [3] . This likely reflects differing effectiveness of abnormal capillary refill time for determining risk of organ dysfunction in an undifferentiated low-risk population, compared to its ability to stratify risk of death in a high risk, critically-ill population. Additionally, capillary refill times have been demonstrated to be significantly altered by ambient temperature, thus the capillary refill time measured by an ED physician early in a patient's course may be artificially slow due to outside temperature or undressing a child, potentially accounting for its lack of association with outcome in this study [13] .
To have SIRS, a patient must display two out of four criteria. This study only evaluated patients with SIRS by two criteria that are readily available in triage, heart rate and temperature, and thus these results would not necessarily be the same in patients fulfilling different SIRS criteria. Patients with SIRS and phlebotomy during their ED stay were enrolled in order to increase the severity of illness in the study cohort compared to the general SIRS population, resulting in a study population with a 75% admission rate. These results cannot be extrapolated to all ED patients with SIRS, in which a lower pre-test probability for severe illness would likely make the positive predictive value of these tests lower. In addition, in order to study effectiveness, physical examination was performed by uncoached PEM physicians. It is possible that with additional training and standardization, the examination findings would display improved test characteristics; nonetheless, these findings represent their effectiveness when used by physicians who are highly trained and practice in the setting in which these examination techniques are frequently used. The study was not powered to estimate sensitivity with narrow confidence intervals, which would have required thousands of patients given the low prevalence of organ dysfunction; nonetheless the likelihood ratios from our study sample and analysis are informative. This was by intention a snapshot study of these physical exam characteristics. The conclusions limited to these four exam parameters performed once at the outset of ED care.
There are limitations to the study. The most significant limitation was the small number of patients with the primary outcome, organ dysfunction. Sample size was calculated for the parent study of lactate in the ED, and in these calculations a higher percentage of patients with organ dysfunction than was actually seen had been estimated prior to the study. With little literature to guide estimates of organ dysfunction in an undifferentiated pediatric SIRS population, adult and pediatric critical care data were used for these estimates. The low frequency of our outcome influences the wide confidence intervals of the results, as well as the low positive predictive value of CRS. Although not intended to determine the prevalence of organ dysfunction in pediatric SIRS, it is likely that the low frequency of this outcome in the study population accurately reflects of the needlein-a-haystack challenge of detecting severe sepsis among all children with fever and tachycardia. Additionally, although all patients enrolled demonstrated fever and tachycardia, suggesting infection as a contributing problem, it is possible that organ dysfunction due to other, non-sepsis diagnoses may have confounded the data. Children were enrolled before or within 15 minutes of the start of intravenous therapy; before therapy for >95% of patients. Because of the challenges of screening and enrolling patients in emergency research, and the near-simultaneous physical examination and therapeutic decision-making that an emergency physician carries out, this window of time was considered a practical window in which to enroll patients, in which intravenous therapy might be expected to minimally alter examination findings. Although this could have potentially influenced results, none of the patients enrolled after the start of intravenous therapy had the predictor, CRS, or the outcome, organ dysfunction, so if it biased results, it would have only served to falsely improve test characteristics of CRS. The study population was approximately half African-American, 30% Caucasian, and 20% other. This may limit its generalizability to different populations, particularly if the test characteristics and reproducibility of physical exam findings varies by race.
Because ED treatment was not standardized, it is possible that if patients with CRS received more aggressive treatment, it would have prevented them from developing the primary outcome of organ dysfunction. However, there was no difference in administration of fluid or antibiotics, aside from the patients with at least two CRS who were more likely to receive an intravenous fluid bolus. Mean time to antibiotic was slightly faster in patients with CRS, however all times were over 3 hours from triage, and the only interval that has been demonstrated to differentially improve outcomes in ED sepsis patients is a time <1 hour [14] . The lack of protocol and time to antibiotics do not represent ideal sepsis care, but are consistent with the majority of emergency department pediatric sepsis care described in prior descriptive studies [4, 15, 16] .
Physical examination remains medicine's well-honed technique for assessment of patient condition. Experienced clinicians frequently determine that a patient appears "septic" based on a clinical impression that considers exam findings and patient characteristics. However, with evidence that life-saving resuscitation begins in the first minutes of ED care, all diagnostic modalities deserve critical evaluation to determine those that accurately risk-stratify patients from the moment of presentation, including the specific characteristics currently recommended for this purpose. Standardization of assessing these physical exam parameters, the use of additional historical and physical findings, traditional laboratory parameters, novel biomarkers, and non-invasive devices for measuring cardiac output and perfusion are all avenues for research with potential to improve diagnosis of early pediatric sepsis.
Timely sepsis resuscitation is life saving, yet at the same time it requires many resources: personnel at the bedside, placement of intravenous peripheral or central catheters, rapid procurement and administration of intravenous fluid boluses, antibiotics and potentially additional medications. Unnecessary aggressive resuscitation diverts resources from other patients, increases costs, and potentially induces medical and psychological harm. With serious negative consequences to both the under-diagnosis and over-diagnosis of sepsis requiring resuscitation, diagnostic strategies that are both sensitive and specific must be sought.
Conclusions
This investigation evaluated physical examination CRS for early diagnosis of pediatric sepsis in the ED. It demonstrated that the presence of ≥1 or ≥2 CRS was significantly associated with OD and ICU admission, but not associated with ED antibiotic administration, SBI, or admission. Abnormal peripheral pulse quality and altered mental status were significantly associated with development of OD, while abnormal capillary refill and presence of cold, mottled extremities were not.
This study has implications for sepsis screening protocols. The high negative predictive values of CRS make their absence reassuring that a patient is unlikely to progress to organ dysfunction. However, the association of one CRS with organ dysfunction was modest. Although the clinical recognition signs recommended for diagnosis of pediatric sepsis are specific, they lack the positive predictive value that would be ideal for a test in sepsis, and research should continue to determine tests that diagnose children with compensated septic shock with both specificity and sensitivity.
